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This invention relates to compositions of a linear alternating polymer of carbon monoxide and at least 
one ethylenically unsaturated compound, and an inorganic additive. 

The class of polymers of carbon monoxide and olefins has been known for some time. 

More recently, the class of linear alternating polymers of cart>on monoxide and at least one ethylenicaJ- 
5 ly unsaturated compound, now tjecoming known as polyketones or fwlyketone polymers, has become of 
greater interest partly because of the availability of efficient manufacturing methods. 

The polymers are relatively high molecular weight materials having established utility as premium 
thermoplastics in the production of shaped articles, such as containers for food and drink and parts for the 
automotive industry, which are produced by processing the polyketone polymer according to well known 
10 methods. 

In order to mould or process polymers, e.g. by extrusion, it is usually necessary and unavoidable to 
bring the polymers in a liquefied or molten state. The longer a polynrier renoains in the molten state, the 
more It is subject to degradation. Such degradation may be caused by chemical reactions such as chain 
scission and/or cross-linking. This effect is more pronounced according as the polymer's melting point is 

?5 higher. The result of the degradation usually is a darkening of the product and/or an increased viscosity. 
The viscosity may become even so high that the polymer no longer Is processable. Most commercial 
engineering thermoplastics exhibit little or no change in viscosity during melt processing because of the 
presence of an additive package selected to minimise such a change in properties. For example, US patent 
No. 2493597 identifies organic esters of phosphorous acid as melt viscosity stabilisers for pol yam ides. 

20 Because of their particularly high crystalline melting point, pure CO/ethene copolymer melting at about 
260 "C, and because of the presence of many cartwnyl groups in their molecule, linear alternating 
polyketones are relatively susceptible to degradation in the liquefied or molten state. Obviously it is 
desirable to prc^ng the time that these polymers remain processable. Thus it is an object of the present 
invention to provide polymer compositions having improved stability upon being subjected to melt 

25 processing conditions. It is another object to provide a process for stabilising a linear alternating polymer of 
carbon monoxide and at least one ethylenically unsaturated compound, which anrounts to. in other words, 
providing a process for the preparation of compositions having an improved melt processing stability. 

It has now t>een found that adding a certain inorganic compound, namely a hydroxyapalite, has the 
desired effect on the polymers. It has also been found that adding the hydroxyapatile in quantities larger 

30 than needed to obtain a stabilising affect, has a positive influence on the mechanical properties of the 
polymer. 

It may be mentioned that it is known that certain inorganic additives can improve the physical properties 
of the linear alternating polyketone polymers. Thus it has been proposed to add ceramic or glass fibres or 
mica to improve the mechanical properties, such as the Impact strength or the flexurai nrrodulus. It has also 

35 been proposed to add zinc or barium borates, or alkaline earth metal carbonates, as flame retardants. 
However, the positive effect of the present inorganic compounds on the meit stability is novel and 
surprising, the more so as it is frequently found that metals and metal compourKls, often having catalytic 
activity, destabilise polymers. 

Accordingly, the present invention relates to a polymer composition characterized by comprising a 

40 linear alternating polymer of carbon monoxide and at least one ethylenically unsaturated compound, and an 
additive, wherein the additive is a hydroxyapatfte. 

The polyketone polymers used in the compositions of the invention are of a linear alternating structure 
and contain substantially one molecule of carbon monoxide for each molecule of unsaturated compound. 
Suitable compounds are unsaturated carboxylic acids such as acrylic or methacrylic add and their esters. 

46 and hydrocartons. Suitable ethylenically unsaturated hydrocartwns for use as precursors of the polyketone 
polymers have up to 20 carbon atoms inclusive, preferably up to 10 carl>on atoms, and are aliphatic such 
as elhene and other a-olefins including propene, 1-butene, isobutene, 1-hexene, 1-octene and 1-dodecene. 
or are arylaliphatic containing an aryl substituent on an otherwise aliphatic molecule, particulariy an aryl 
substituent on a carbon atom of the ethylenic unsaturation. Illustrative of this latter class of ethylenically 

so unsaturated hydrocarbons are styrene, p-methylstyrene, p-ethylstyrene and m-isopropylstyrene. The pre- 
ferred polyketone polymers are copolymers of carbon monoxide and ethene or terpolymers of carbon 
monoxide, ethene and a second ethylenically unsaturated hydrocarbon of at least 3 carbon atoms, 
particulariy an a-olefin such as propylene. 

When the preferred polyketone terpolymers are employed as the major polymeric component of the 

55 blends of the invention, there will suitably be within the terpolymer at least 2 units incorporating a moiety of 
ethylene for each unit incorporating a moiety of the second hydrocarbon. Preferably, there will be from 10 
units to 100 units incorporating a moiety of the second hydrocarbon. The polymer chain of the preferred 
polyketone polymers is therefore represented by the repeating formula 
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— t-CO-<-CH^-CH^ ) 1^ ( CO-irO ) )y 

wherein G is the moiety of ethylenicaliy unsaturated hydrocarbon of at least 3 carbon atoms polymerized 

5 through the ethylenic unsaturation and the ratio of yoc is no more than 0.5. When copolymers of carbon 
monoxide and ethene are employed in the blends of the invention, there will be no second hydrocart>on 
present and the copolymers are represented by the above formula wherein y is zero. When y is other than 
zero, i.e., terpolymers are employed, the •CCHCH2CH2> units and the -CO^G> units are found randomly 
throughout the polymer chain, and preferred ratios of y^< are from 0.01 to 0.1. The end groups or "caps** of 

to the poiymer chain will depend upon what materials were present during the production of the poJymer and 
whether or how the polymer was purified- The precise nature of the end groups does not appear to 
influence the properties of the polymer to any considerable extent so that the pc^mers are fairly 
represented by the formula for the polymer chain as depicted atwve. 

Of particular interest are the poly ketone polymers of number average molecular weight from 1000 to 

75 200,000, particularly those of number average molecular weight from 20,000 to 90,000 as determined by gel 
permeation chromatography. The physical properties of the polymer will depend in part upon the molecular 
weight, whether the polymer is a copolymer or a terpolymer and, in Ihe case of terpolymers, the nature of 
the proportion of the second hydrocarbon present. Typical melting points for the polymers are from 175 'C 
to 300 "C. more typically from 210 'C to 270 "C. Ttie polymers have a limiting viscosity number (LVN). 

20 measured in m-cresol at 60 *C in a standard capillary viscosity measuring device, from 0.5 dl/g to 10 dl/g. 
more frequently from 0.8 dl/g to 4 dl/g. 

A preferred method for the production of the polyketone polymers is illustrated in U.S. Patent No. 
4.843.144. 

The stabilized compositions of the invention comprise an intimate mixture of the linear alternating 

25 polymer and a hydroxyapattte of the formula Mio(PO+)6 (OHfe. where M is barium (Ba), strontium (Sr), or 
caldum (Ca). The preferred hydroxyapatite is calcium hydroxyapatite. Caia(P0«)6(0H)2, a naturally occur- 
ring calcium phosphate and the major constituent of bone and tooth mineral It is a finely divided, 
crystalline, non-stotchiometric material rich in surface ions which are readily replaced by fluoride ions. 
Calcium hydroxyapatite is also referred to as tribasic calcium phosphate. 

30 The amount of hydroxyapatite present in the compositions of the invention is not critical, as long as a 
stabilizing quantity is present and other important polymer properties for the intended us© are not adversely 
affected. Suitably the hydroxyapatite is present in a quantity of 0.01 to 70 wt%, based on total composition. 
The precise amount required for melt stabilization will depend upon a variety of factors, such as the melt 
temperature, the polymer's LVN, and other additives interactive effects. Compositions containing 0.01 wt% 

35 to 5.0 wt% hydroxyapatite exhibit improved melt stability, relative to the unstabilized polymer. Compositions 
containing 0,01 wt% to 1 .0 wt% hydroxyapatite exhibit desirable melt stability, with compositions containing 
0.01 wt% to 0.5 wt% hydroxyapatite being preferred. 

An additional advantage of the compositions of the present invention is that at higher loadings of 
hydroxyapatite, reinforced and filled polymer compositions are provided which are melt stabilised- Reinforc- 

40 ing a polymer with a mineral filler is attractive as it usually provides a tougher yet less expensive product, 
but ft sometimes presents the disadvantage of aggravating any melt processing problems that the neat 
polymer may have. Thus it has been proposed to fill the present polyketone polymers with mica or with 
calcium carbonate in order to improve the mechanical properties, but this appears to accelerate cross- 
linking, thereby decreasing the melt stability and limiting the processability of the filled polyketone 

46 compositions. Quite surprisingly compositions containing hydroxyapatite as a filler exhibit viscosity levels 
duririg processing that are lower than the levels typical for compositions filled with commonly used fillers, 
and yet exhibit mechanical properties at least equal to those of compositions filled with such commercial 
fillers. 

Thus in a preferred emtxjdiment the present invention relates to a composition in which the hydrox- 
50 yapatite is present as a filler in a quantity of 15-45 vol%, based on total composition, with amount from 5 to 
30 vol% being preferred. On a weight basis, the amount of hydroxyapatite may be greater than 50 wt%, 
due to its greater density. Suitably the hydroxyapatite is present as a filler in a quantity of 10 to 70 wt%. 
preferably 30-50 wt%, based on total composition. 

It has furthermore been found that even better stabilising results are obtained when the composition 
55 according to the invention additionally comprises one or more inorganic or organometallic stabilising 
compounds. Preferably, such compound(s) is (are) present in a quantity of 0001-10 wt%, based on total 
composition. The additional stabilising compounds are suitably selected from zinc aluminates. alumina 
hydrogels or decomposition products thereof, cupric chromite arid mercaptobenzlmidazoles. 
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\f the additional stabilising compound is zinc aluminale, it is preferably present in a quantity of 0.01-5 
wt%. particularly 0.0&O.5 wt%. based on total composition. In general* a weigtit ratio of hydroxyapatite to 
zinc aluminate of from 1:3 to 3:1 provides acceptable results, witf) a weight ratio of from 1:2 to 2:1 being 
preferred, and a ratio of about 1:1 being most preferred. 

5 The zinc aluminate component of the stabilizing mixture is a chemical combination of zinc, aluminium 
and oxygen that is illustratively produced by coprecipitation of zinc and aluminium hydroxides from a 
strongly basic solution of zinc and aluminium salts. The combined precipitate is dried and on some 
occasions is calcined. The resulting product is a chemically combined oxide and/or hydroxide material of 
variable composition, which qualitatively reflects the proportions of zinc and aluminium in the solution from 

10 which the precipitate is formed. The zinc aluminates are generally of the formula ZnO.Ab(OH)3 or 

ZnO-AtOa- 

In a typical preparation, an aqueous mixture of zinc and aluminium salts, e.g., as the nitrates, is added 
to an aqueous solution rendered basic by the presence of ammonia, an ammonium salt such as ammonium 
carbonate, or sodium hydroxide. The resulting precipitate is recovered as by filtration and dried at a 

IS temperature above 100 'C, e.g,. from 110 'C to 120 'C. It is useful on some occasions to complete the 
drying as by caldnation at a higher temperature such as 500 ' C. The proportions of zinc and aluminium in 
the zinc aluminate are qualitatively controlled by varying the relative concentrations of the zinc and 
aluminium ions in the solution from which the precipitate is formed. The zir>c aluminate useful as stabilizer 
in the compositions of the invention suitably has a mole ratio of ZnO:Al203 of from 1:0.25 to 1:8. Zinc 

20 aluminates wherein the mole ratio of ZnO:Al2 03 is from 1:0.5 to 1:6.5 are preferred. 

In an alternative embodiment, the additional component of the stabilising mixture is an alumina hydrogel 
or aluminium-containing decomposition product thereof. The precise form of the aluminium species present 
in the final composition will depend upon a number of factors including the degree of moisture in the 
polymer with which the aluminium hydrogel is mixed, whether or not the composition has been exposed to 

25 moisture (as by contact with a humid environment), and the temperature at which and the number of times 
the composition has t>een thermally processed. It is known that the alumina hydrogel will lose moisture and 
form crystalline pfiases upon aging, such that the hydrogel is transformed. prot»ably to species containing a 
mixture of aluminium hydrogel and aluminium oxide moieties. At elevated temperatures, thermal de- 
composition of the alumina hydrogel may occur, and is also considered to give species containing 

30 aluminium hydroxyl and oxide moieties. Since the aluminium species Is much the same regardless of the 
type of transformation, the term "decomposition product" when used herein is employed to indicate the 
aluminium-containing species resulting from any type of alumina hydrogel transformation. 

The alumina hydrogel employed in the invention can be represented by the formula AbOg.nHaO where 
O<n<10. These hydrogels can be prepared by titrating an aqueous solution of one or more aluminium sa!t- 

35 (s) with an appropriate acidic or basic material or solution to cause precipitation of the alumina g^. U.S. 
Patent Nos. 3.124,418; 3,520,654; and 4.154.812 disclose processes for preparing pure alumina hydrogel 
and are Incorporated herein by reference. 

The alumina hydrogel can be prepared by titrating an acidic aluminium s^t such as, aluminium sulfate, 
aluminium nitrate, or aluminium chloride, in aqueous solution with a basic precipitating medium, such as 

40 sodium hydroxide or ammonium hydroxide, or by titrating an alkali metal aluminate, for example sodium 
aluminate or potassium aluminate. in aqueous solution with an acidic precipitating medium, for example 
hydrochloric or nitric acid. Adjustment of the pH of an aluminum-containing solution to between 5.5 and 
10.0 will result in precipitation of the aluminium as aluminium hydroxide and hydrated aluminium oxide. 
The alumina hydrogels usable within the scope of the present invention include aluminium trihydrox- 

46 ides, such as gibbsite or hydrargiltite (a-atumina trihydrate, a-At(0H)3 or or-AlsOs.d H^O). bayerite (/S* 
alumina trihydrate. /3-AI(OH>3 or ^-AbOs.SHaO) and nordstrandite (new jS-AI(0H>3). Also included within the 
class of "alumina hydrogel or decomposition product thereof are the aluminium oxide hydroxides, 
including boehmita (a-alumina monohydrate, AI0(OH) or a-AbOs.HzO) and diaspora (^-alumina mon- 
ohydrate, AIO(OH) or ^-AI^Os HjO). Corundum, (a-alumina, AI2O3) is also contemplated within the scope of 

50 the phrase "alumina hydrogel or decomposition product thereof." 

Bayerite, gibbsite. fcwehmite. and/or mixtures thereof are preferred hydrogels for use herein, and 
bayerite is particularly preferred. 

The alumina hydrogel or an aluminium containing decomposition product thereof, preferably an 
aluminium trihydroxide such as bayerite. suitably is present in a quantity of 0.01-10 wt%. based on total 

55 composition, with quantities of 0.05-2.0 wt% on the same basis being preferred. 

In a third embodiment, the additional component of the stabilising mixture is cupric chromite, a 
chemical combination of copper, chromium and oxygen that is represented by the formula CuCraO*. Cupric 
chromite is a grayish-black to black crystalline materia) that is practically insoluble in water. Cupric chromite 
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may be prepared, for example, by heating cupric chromate CuCrOf . or by decomposing ammonium cupric 
chromate (NI-U)2Cu(Cr04)2. The cupric chromite is suitably provided in an amount of from 0.001 wl% to 0.5 
wt%, based on total composition. Compositions containing 0.001-0.05 wt% cupric chromite on the same 
basis are preferred, especially those containing 0.001-0.005 wt%. 

In a fourth embodiment, the additional stabilising compound is a mercaptobenzimidazole. Mercaptoben- 
ztmtdazoles, also known as nnercapto-1.3-benzodiazoles or as mercaptobenzoglyoxalines. may be repre- 
sented by the formula for 2-mercapt0b€nzimida2oles: 



wherein each of R\ R^, R3 and R* is independently a hydrogen atom or a tower alkyi group of one to four 
carbon atoms, and X is a hydrogen atom, an alkali metal, or ammonium. A tautomer of the compound of the 
atKJve formula is also suitable. Particularly preferred are 2-mercaptobenzimidazole, wherein R', R^, R^, R^ 
and X are each H; and methyl-2-mercaptobenzimidazole, wherein at least one of H\ R*, R^ or R* is methyl, 
and X is H. 

The mercaptobenzimidazole is suitably provided in a quantity of 0.001-0.1 wt%, based on total 
composition. Compositions containing 0.001-0.05 wt% mercaptobenzimidazole on the same basis are 
preferred. 

The invention also relates to a process for the preparation of a composition as defined hereinbefore, 
characterized in that it comprises forming an intimate mixture of a linear alternating polymer of carbon 
monoxide and at least one ethylenically unsaturated compound with an additive, wherein the additive is a 
hydroxyapattte. The forming of the intimate mixture may be carried out using any suitable method, including 
dry blending of the polymer and stabiliser in a finely divided form, followed by hot pressing or extrusion of 
the mixture. The composition may also be produced by blending the components in a melt mixing device. 
Alternatively, the hydroxyapatite can be included with the reactants entering the polymerization reactor, or 
added to the reactor product slurry prior to pelletization. 

The compositions of the Invention may also include other additives such as antioxidants, dyes, fillers or 
reinforcing agents, fire resistant materials, mould release agents, colorants and other materials designed to 
improve the processability of the polymers or the properties of the resulting blend. Such additives are 
added prior to. together with, or subsequent to the blending of the polyketone and hydroxyapatite. The 
presence of these additives may affect the optimum level of hydroxyapatite for a given application. 

The compositions are processed by methods such as extrusion and injection moulding into sheets, 
films, plates and shaped parts. The compositions of the invention are particularly useful for the production 
of articles by multiple melting/crystallization cycles, and where elevated temperatures are likely to be 
encountered. Illustrative of such applications are the production of articles useful in both rigid and flexible 
packaging applications, and in both internal and external parts for automotive use; fibres useful in yarns, tire 
cord, and fabric; and coatings for a variety of materials. 

The invention is further illustrated by the following Examples which should not be regarded as limiting. 



Throughout the Examples, the following components were used: 

Polymer A. a linear alternating terpolymer of carbon monoxide, ethene and propane, having a melting 
point of 220 ' C and an LVN of 1 .8 dl/g when measured in m-cresol at 60 * C. The terpolymer also 
contained two conventional commercially available additives (0.5 wt% of a sterically hindered phenol as a 
UV stabiliser, and 0.5 wt% of a copolymer of ethylene and acrylic acid as a lubricant). 

Polymer B, a linear altemating terpolymer of carbon monoxide, ethene and propene. having a melting 
point of 220 *C and an LVN of 1.08 dl/g when measured in m-cresol at 60 *C. The terpolymer also 
contained the same two additives as polymer A. in the same amounts- 
Polymer C. a linear altemating terpolymer of carbon monoxide, ethene and propene. having a melting 
point of 220 'C and an LVN of 1.52 dl/g when measured in m-cresol at 60 * C. The terpolymer also 
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cx)ntdined two conventic^al additives (0.2 wt% of the same UV stabiliser as used in polymers A and B. and 
0.2 wt% of glycerol monostearate as a lut^ricant). 

Calcium hydroxyapatite, having the formula Caio(P04)6(OH)2, implying a theoretical mole ratio of 1.67 
Ca:P, was obtained commercially. 
5 Zinc aluminate was produced by combining an aqueous solution of commercial grade zinc and 
aluminium nitrates with an aqueous solution of ammonium carbonate buffered to a pH of 7.5, and 
maintained at 50 • C The resulting precipitate was recovered by filtration, washed, dried at approximately 
110 'C. and calcined at 500 'C. The resulting 2inc aluminate had a mole ratio of 1:5.73 ZnOrAljOs- 
Analysis of the zinc aluminate by plasma emission spectrometry detemntned thai the material contained 44 
m wt% Al, 9.3 wt% Zn and 0.001 wt% Na. 

Bayerite (an alumina trihydrate). cupric chromite and 2-mercaploben2imidazoie were obtained commer- 
dally. 

Example 1 

15 

A portion of polymer A was ground to particles of 0.25 mm (60 mesh), and then powder-mixed with 
calcium hydroxyapatite for 5 minutes. Samples containing various concentrations of calcium hydroxyapatite 
were prepared, as shown in Table 1. The samples were compounded in a 30 mm extruder, operating at 150 
rpm with melt temperatures between 230 and 260 ' C. The viscosity of each sample was determined over 
20 time in the melt in a parallel plate rheometer operating at 275 ' C at a frequency of 1 Hz. Table 1 lists the 
initial melt viscosity and the viscosity after 10 minutes. During commercial processing, polymers are 
typically in a melt phase for less than 10 minutes. 

Table I 

25 

Calcium Viscosity (Pa. -sec.) 

Hydroxyapatite 

(ppm) 0 lain. 10 mln 



0 


965 


4820 


41 


965 


3300 


410 


965 


3600 


2,500 


965 


3437 


10.000 


965 


2475 



Addition of the calcium hydroxyapatite at a concentration of 41 ppm reduced the viscosity of the melt 
phase polymer by 31%. relative to the neat polymer control, after 10 minutes. The sample containing 410 
ppm calcium hydroxyapatite also exhibited a lower viscosity, relative to the control, after 10 minutes. Higher 
46 concentrations were even more effective at limiting the viscosity increase. 

Example 2 

A portion of polymer B was utilized to prepare and test samples containing various concentrations of 
so the same calcium hydroxyapatite and by the same procedure descrit)ed in Example 1. Table 2 lists the 
initial melt viscosity and the viscosity after 1 0 and 23 minutes. 
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Table 2 



Calcium 
Hydroxyapatite 



Viscosity (Pa-sec.) 



0 mln 



10 mln 



28 min 





0 


80 


150 


1400 


TO 


0.5 


80 


85 


300 




1.0 


80 


85 


250 




5.0 


80 


84 


210 



The results demonstrate that the addition of calcium hydroxyapatlte can mitigate the viscosity increase 
that would otherwise occur without the stabilizer. The results indicate a more pronounced viscosity 
reduction, relative to the control sample, than the samples shown in Example 2. This is due to the lower 
LVN, and lower molecular weight, of the polymer in this Example. 

Example 3 



The polyketone terpolymer and the samples described in Example 1 were evaluated in a differential 
scanning caIorinf>eter (DSC), which employed sealed pan containers. The pan and contents were heated at a 

as controlled rate, typically 20 'C/min, until the sample melted. The pan and contents were then cooled until 
the sample solidified or partially crystallized. The samples were then heated to 275 ' C, maintained at that 
temperature for 10 minutes, and then cooled again. The holding temperature of 275 *C is typical for 
commercial melt processing operations. The first and second heats of crystallization (HCi and HC2) of the 
samples were determined, in calories per gram, through use of the DSC. The values for HC) and HC2 for 

30 each sample are shown In Table 3. 



Table 3 



Hydroxyapatlte ppm 


HCi (Cai/g) 


HC2 (Ca!/g) 


HC2/HC1 


0 


16.5 


10.8 


0.65 


41 


17.1 


12.9 


0.75 


410 






0.85 


2.500 


16.7 


15.4 


0.92 


10,000 


17.2 


16.3 


0.95 



In general, the fieat of crystallization for a statnlized polymer will be greater than the corresponding 
value for an unstabilized polymer. However, the heat of crystallization for a stabilized polymer will decrease 
over repeated heating/cooling cycles. The heat of crystallization serves as an indication of the amount of 
crystallinity of the polymer. Degradation of the polymer during heating can inhibit crystallization upon 
cooling. The ratio of HC2 to HCi for a given sample serves as a m&BSure of the degree of crystallinity 
maintained over the two heating cycles. For a polymer exhibiting ideal melt stability (assuming no 
nucleating effects), this ratio is 1. The HCa/HCt ratio for each sample is also shown in Table 3. 

The HC2/HC1 ratios indicate that even a small amounX of caldum hydroxyapatlte (41 ppm) provided a 
significant increase in the amount of crystallinity maintained during a second heating/cooling cycle. Higher 
concentrations were even more effective to maintain crystallinity. 



Example 4 

The extruded nibs from the processing described in Example 1 were dried overnight, and specimens of 
the compounded samples were moulded into plaques of 0.76 mm thickness on a 45 g injection moulding 
machine. The plaques were submitted for oven aging tests. 

The test plaques were placed in an oven maintained at 125 *C. Periodically, test plaques were 
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withdrawn and bent over an angle of 180 'C. When the plaque cracked, the time to embrittlement (or 
failure) was determined as a function of time. All samples exhibited a time to failure of atjout 10 days, 
indicating that the calcium hydroxyapatite had no apparent effect on oven aging. 

Example 5 

Filled compounds were prepared of polymer B and three different fillers: calcium hydroxyapatite, 
calcium carbonate, and mica. The blends prepared are shown in Table 4. 

The blsfKjs were compounded in a 30 mm co-rotating twin screw extruder, operating at 100 rpm with a 
melt temperature of 250 • C. The viscosity of each sample was dalermined over time in the melt in a 
parallel plate rheomeler operating at 275 • C at a frequency of 1 Hz. Table 4 lists the initial melt viscosity 
and the viscosity after both 10 and 28 minutes, as well as a ratio of the melt viscosity after 28 minutes to 
the initial melt viscosity. 
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The addition of a solid filler to the polyketone polymer inherently results in a viscosity increase in the 
melt state for the filled connpouncl. Thus, the ratio of melt viscosity after 28 minutes to the initial melt 
50 viscosity provides a relative measure of the viscosity increase that occurs when various fillers are added to 
the polyketone polymer. 

The compounds filled with calcium hydroxyapatite demonstrated superior meli stability, based on these 
rheometric data, relative to the other filled compounds. Only the calcium hydroxyapatite filled compounds 
gave a viscosity ratio which was less than that of the neat polyketone polymer, indicating stabilization. The 
56 viscosity ratios for the compounds Riled with calcium carbonate and mica (both commercial fillers) were 
significantly higher, indicating destabilization in the meft state. 



Example 6 
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Subsequent to blending, specimens of the blends of Example 5 were moulded into plaques on a 25 Ion 
injection moulding machine. Molded specimens were stored over desiccant until testing. Mechanical testing 
was perfonmed on "dry as moulded*' specimens. Results of mechanical testir^g are shown in Table 5. 

The mechanical property data indicate that calcium hydroxyapatite is an acceptable filler for the 
5 polyketone polymer, and provides filled compounds with properties which are comparable to those made 
with common commercial fillers, such as calcium carbonate and mica 
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Example 7 



A portion of polymer A was ground to particles of 0^5 mm. and then powder-mixed with calcium 
hydroxyapatite and/or zinc alumlnate for 5 minutes. Samples containing various concentrations of calcium 
5 hydroxyapatite and/or zinc alumtnate were prepared, as shown in Table 6. The samples were compounded 
in a 19 mm single screw extruder, operating at 60 to 100 rpm with melt temperatures between 230 and 250 
•C. The viscosity of each sample was determined over time in the melt in a parallel plate rheometer 
operated at 275 'C Table 6 lists the initial melt viscosity and the viscosity after 10 and 28 minutes. During 
commercia! processing, polymers are typically in a malt phase for less than 1 0 minutes. 

w 

Table 6 



Calcluin Zinc Viscosity 

Hydroxyapatite Alumlnate (Pa. - sec. ) 

(wt%) (vt%) 0 min 10 min 28 min 



25 



0 


0 


965 


4820 


12,500 


0.25 


0 


965 


3A37 


9,000 


0.05 


0.05 


965 


2833 


8,876 


0.10 


0.05 


965 


3779 


10 . 430 


0.05 


0,10 


965 


2781 


8,361 


0.10 


0.10 


965 


2798 


9.417 



30 The results indicate that a combination of the two stabilizers is generally mora effective than calcium 

hydroxyapatite added alone. Lower concentrations, particularly of calcium hydroxyapatite, appear more 
effective for the polyketone used in the test, and the compoundirig method employed. The total wt% of the 
combined stat>ilizers is less than 0.25, indicating their effectiveness at low concentrations. 



35 Example 8 



The samples described in Example 7 were evaluated in a differential scanning calorimeter (DSC) 
according to the procedure described in Example 3. 

The HC2/HC1 ratio for each sample is shown in Table 7. 

40 

Table 7 





Calcium Hydroxyapatite 


Zinc Aluminate (wt%) 


HC2/HC1 


46 


{wt%) 








0 


0 


.65 




0.25 


0 


.92 




0.05 


0.05 


.71 




0.10 


0.05 


.78 


SO 


0.05 


0.10 


.70 




0.10 


0.10 


.78 



The HC2/HC1 ratios indicate that even small anKsunts of calcium hydroxyapatite and zinc aluminate 
(0.05 wt% each) provided a significant increase in the amount of crystallinity maintained during a second 
heating/cooling cycle. Calcium hydroxyapatite alone appears most effective to maintain crystallinity. but this 
result was obtained at a higher loading (0.25 wt%) than employed in the other tests (0.10-0.20 wt%). 



Example 9 
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A portion of polymer A was ground to particles of 0.25 mm. and then turn Wed overnight in nitrogen with 
calcium hydroxyapatite and/or anc aluminate. The viscosity of each sample was determined over time In 
the melt in a parallel plate rheometer operated at 275 • C. Table 8 lists the initial melt viscosity and the 
viscosity after fO and 28 minutes. 

Table 8 



CalciuiD Zinc 
10 Hydroxyapatite Aluminate 

(vt%) (wt%) 



Viscosity 
(Pa. -sec. ) 



0 min 



10 min 



28 min 



0 


0 


965 


8678 


25^330 


1.0 


0 


965 


3681 


10,370 


0 


0.1 


965 


5926 


17.620 


0 


1.0 


965 


3036 


9,532 


0.5 


0,5 


965 


3103 


8.744 



The results demonstrate that bioth calcium hydroxyapatite and zinc aluminate, when individually added 
to the polyketor\e polymer, can significantly mitigate the viscosity increase that would otherwise occur. A 
2S combination of the two stabilizers is even more effective than either one added indivrdually. 

Example 10 

A portion of polymer B was ground to particles of 0.25 mm, and then powder-mixed with calcium 
30 hydroxyapatite and/or bayerlte for 5 minutes. Samples containing various cor^centrations of calcium 
hydroxyapatite and/or bayerlte were prepared, as shown in Table 9. The samples were compounded in a 19 
mm single screw extruder, operating at 60 to 1 00 RPM with melt temperatures between 230 and 250 ' C. 
The viscosity of each sample was determined over time in the melt in a parallel plate rheometer operated at 
275 • C. Table 9 lists the InitlaJ melt viscosity and the viscosity after 10 and 28 minutes. 

35 

Table 9 



Calcium Viscosity 

40 Hydroxyapatite Bayerlte (Pa. - sec. ) 

(vt%) (vt%) 0 min 10 min 28 min 



46 



0 


0 


90 


154 


1398 


0.5 


0 


90 


90 


284 


1.0 


0 


90 


90 


245 


5.0 


0 


90 


90 


225 


1.0 


0.5 


90 


90 


214 



Compared to the neat polyketone, the viscosity of each of the stabilized samples remained relatively 
constant for at least 10 minutes. After 28 minutes, the viscosity of the polyketone polymer significantly 
55 increased, while the viscosity of the stabilized samples was maintained at a much lower level. The 
combination of calcium hydroxyapatite with bayerite gave the best viscosity control. 

Example 11 
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Example 10 was repeated using polymer C. having a higher LVN. Table 10 lists the initial melt viscosity 
and the viscosity after 10 and 28 minutes. 



Table 10 

Calcium Viscosity 



10 


Hydroxyapati te 
(wt%) 


Bayer ite 
(wt%) 


0 mln 


(Pa, 
10 min 


-sec, ) 

28 min 




0 


0 


419 


5248 


30,140 


75 


0 


0.05 


419 


4109 


23.430 




0 


0,5 


419 


3145 


18,030 




0.1 


0 


419 


3936 


22,870 




0,05 


0.05 


419 


3293 


16,970 



20 

The results indicate that both stabDtzers maintained the viscosity of the samples at a significantly tower 
level than the polyketone polymer atone. The combination of 0.05 wt% calcium hydroxyapatite and 0.05 
wt% bayerite provided viscosity control significantly better than 0.1 wt% calcium hydroxyapatite alone, and 
25 significantly better than 0.05 wt% bayerite alone, after 10 minutes. The combination was also more effective 
than 0.5 wt% bayerite after 28 minutes. 

Example 12 

30 The procedure of Example 10 was repeated using polymer A and cupric chromlte, or cuprous iodide 
(for comparison). Table 11 lists the initial melt viscosity and the viscosity after 10 minutes. 



35 



40 



46 



50 



56 



13 



EP 0 478 088 A1 



Table 11 



w 



20 



25 



30 



CalcliuD 


Cupric 


Cuprous 


Viscosity 


Hydroxyapatite 


Chromite 


Iodide 


(Pa. 


-sec . ) 


(wt%) 


(wc%) 


(wt%) 


0 ain 


10 min 


0 


0 


0 


965 


4820 


0.00^^ 


0 


0 


800 


3300 


O.OA 


0 


0 


965 


3600 


0.25 


0 


0 


965 


3437 


0 


0.005 


0 


1000 


4900 


0 


0,05 


0 


1000 


5500 


O.OOA 


0.005 


0 


800 


3100 


0.04 


0.005 


0 


857 


4501 


0.04 


0.05 


0 


965 


4957 


0.25 


0,05 


0 


700 


3900 


0 


0 


0.006 


1600 


8500 


0.004 


0 


0.006 


2000 


13000 


0.25 


0 


0.006 


800 


4300 



The combination of small amounts of calcium hydroxyapatite with cupric chromite (at 0.004 wt% and 
0.005 wt%. respectively) provided initial melt viscosity stabilization equivalent to the same amount of 
calcium hydroxyapatite alone Q,e. 0.004 v/t%), and better stabilization after 10 minutes. The sample 
containing 0.25 wt% calcium hydroxyapatite and 0.05 wt% cupric chromite provided a significant reduction 

35 in initial meit viscosity, although the stabilization after 10 minutes was less attractive than some of the other 
samples. Even at these high concentrations, the total weight of the stabilizing mixture is only about 0.30 
wi%. a relatively low amount for stabilizers. 

To compare the examples using cupric chromite with the examples using cuprous iodide, the same 
amounts on a molar basis, rather than a weight basis, should be used. On a molar basis, the concentration 

40 of 0.004 wt% calcium hydroxyapatite and 0.006 wt% cuprous iodide is equivalent to a concentration of 
0.004 wt% calcium hydroxyapatite and 0.005 wt% cupric chromite. The results in Table 1 1 indicate that a 
combination of calcium hydroxyapatite with cuprous iodide is generally less effective than the combination 
of caJcium hydroxyapatite with cupric chromite. 

The Examples above demonstrate that combinations of calcium hydroxyapatite and cupric chromite, 

45 when added to the polyketone polymer, can significantly mitigate the viscosity increase that would 
otherwise occur. Certain combinations of the two stabilizers are even more effective than either one added 
individually. Some metals, such as copper, often have a detrimental impact on polymer stability. The results 
obtained with a combination of calcium hydroxyapatite and cupric chromite are unexpected, particularly in 
view of the results obtained from a combination of calcium hydroxyapatite with cuprous iodide. 

50 

Example 13 

The samples described in Example 12 were evaluated in a differential scanning calorimeter (DSC) 
according to the procedure of Example 3. The HC2/HC1 ratio for each sample is shown in Table 12. 

55 
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Table 12 



Calcium Hydroxyapalite {wt%) 


Cupric Chromite (wt%) 


HC2/HC1 


0 


0 


0.65 


0.004 


0 


0.75 


0.25 


0 


0.92 


0.004 


0.05 


0.88 


0.25 


0.05 


0.89 



The HC2/HC1 ratios indicate that combinations of calcium hydroxyapatile and cupric chromite provided 
a significant increase in the amount of crystallinity maintained during a second heating/cooling cycle, 
relative to the neat polymer. Calcium hydroxyapatit© alone (at 0^5 wt%) was somewhat more effective at 
maintaining crystallinity. 

Example 14 



The procedure of Example 10 was repeated using polymer A and 2-mercaptobenzlmtda2ole. Table 13 
lists the initial melt viscosity and the viscosity after 10 minutes. 



20 

Table 13 



Calcium 2-Mercapco- Viscosity 

droxyapatite benz imidazole (Pa. -sec . ) 

(vt%) (wt%> 0 mln 10 mln 



30 


0 


0 


900 


6500 




0.004 


0 


800 


3300 




0.041 


0 


800 


3600 




0.25 


0 


965 


3437 


35 


0 


0.005 


1400 


5400 




0 


0.045 


1300 


7200 




0.004 


0.005 


1300 


6300 


40 


0.041 


0.045 


1000 


6800 




0.25 


1.00 


1000 


24.000 




1.0 


1.00 


1100 


29.000 



For the combinations, lower concentrations of the calcium hydroxyapatite, of from 0.004 wt% to 0.04 
wt%, combined with lower concentrations of 2-mercaptobenzimidazoIe, of from 0.005 wt% to 0.05 wt%, at 
about a 1 :1 mole ratio, exhibit acceptable processability. The total wt% of the combined stabilizers is less 
than 0.10, indicating their effectiveness at low concentrations. 

Example 15 

The samples described in Example 14 were formed into plaques for thermal stability testing. The 
samples were compression moulded on a 100 ton press operating at 250 'C into sample plaques that were 
0.76 mm thick. 

The sample plaques were placed in an oven maintained at 125 'C. Periodically, sample plaques were 
withdrawn and bent across an angle of 180 degrees (i.e. folded In half). When a sample plaque cracked, 
failure occurred, and the time to embrittiement was determined as a function of time. The results of these 
oven-aging tests are shown in Table 14. 
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Table 14 



Calcium Hydroxyapatite (wt%) 


2-Mercaptoben2imidazoIe (wt%> 


Oven Life 
(Days) 


0 


0 


9 


0.004 


0 


9 


0.041 


0 


9 


0.25 


0 


9 


0 


0.005 


9 


0 


0.045 


9 


0.004 


0.005 


12 


0.041 


0.046 


12 


0.25 


1.00 


19 


1.0 


1.0 


16 



The data demonstrate that low concentrations o1 either caelum hydroxyapatite or 2-nwrcaptoben- 
zimidazole alone have little or no effect on the oven life of the poiyketone polymer. However, combinallons 
of the two, particularly at higher concentrations, provided a significant increase in the oven life of the neat 
polymer. 

These oven life results must be balanced against the melt viscosity data. The combinations of lower 
concentrations of caJcium hydroxyapatite (0.004-0.041 wt%) and 2-mercaptobenzimlda20ie (0.005-0 045 
wt%> provided both increased oven life and acceptable melt viscosity. 

Example 16 



For comparison, polymer A was combined with 2-mercaptobenztmidazoIe and two other components 
(not of the invention), pfiosphorous acid and potassium bromide. Four samples were prepared: 

(1) 1.0 wi% 2-mercaptoben2imidazole; 

(2) 0.25 wt% phosphorous acid; 

(3) 1.0 wt% 2-mercaptoben2imldazole plus 0.25 wt% phosphorous acid; and 

(4) 0.25 wt% phosphorous acid plus 1.0 wt% potassium bromide. 

When heated, all four samples exhibited severe crosstinking, and could not be analyzed for melt rheology. 
Consequently, these four additive (combination)s were demonstrated to be unacceptable stabilizers for the 
poiyketone polymer. 

The results above demonstrate that calcium hydroxyapatite and 2-mercaptobenzimida2ole, when added 
to the poiyketone polymer in combination at low levels, can provide a polymer with a good balance of melt 
viscosity and oven life. 

Claims 



1. Polymer composition characterized by comprising a linear alternating polymer of carbon monoxide and 
at least one ethylenically unsaturated compound, and an additive, wherein the additive is a hydrox- 
yapatite. 

2. A composition as claimed in claim 1, characterized in that the polymer has repeating units of the 
formula 



-e-CO-f-CH^CH^ ) ]^ [ CO-f-C ) )y 

wherein G is a moiety of an ethylenically unsaturated hydrocarbon of at least three carbon atoms, 
polymerised through the ethyienic unsaturation. and y:x ^ 0.5. 

3. A composition as claimed in claim 1 or 2, characterized in that the hydroxyapatite is calcium 
hydroxyapatite Caio(POi)6(OH)2. 

4. A composition as claimed in claims 1, 2 or 3, characterized in that the hydroxyapatite is present in a 
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quantity of 0.01 to 70 wt%, based on total composition. 

5. A composition as claimed in claim 4, characterized in thai the hydroxyapatite is present as a stabiliser 
in a quantity of 0.001 to 5 wt%, preferably 0.01-1.0 wl%, based on total composition. 

6. A composition as claimed in claim 4. characterized In that the hydroxyapatite is present as a filler in a 
quantity of 10 to 70 wt%. preferably 30-50 wt%, based on total composition. 

7. A composition as claimed in any of claims 1-6, characterized in that it additionally comprises one or 
more inorganic or organoHTietallic stabilising compounds, which is (are) present in a quantity of 0.001- 
10 wl%. based on total composition. 

8. A composition as claimed in claim 7, characterized in that the additional stabilising compound is zinc 
aluminate. which is present tn a quantity of 0.01-5 wt%, based on total composition. 

9. A composition as claimed in claim 7, characterized in that the additional stabilising compound Is an 
alumina hydrogel or an aluminium containing decomposition product thereof, preferably an aluminium 
trihydroxide such as bayerite. which is present in a quantity of 0.01-10 wt%, based on total 
composition. 

10. A composition as claimed in claim 7, characterized in that the additional stabilising compound is cupric 
chromite. which is present in a quantity of 0.001-0.5 wt%. based on total composition. 

11. A composition as claimed in claim 7, characterized in that the additional stabilising compound is a 
mercaptobenzimidazole. which is present in a quantity of 0.001-0.1 wt%. leased on total composition. 

12. Process for the preparation of a composition as defined in claim 1. characterized in that it comprises 
forming an intimate mixture of a linear alternating polymer of carbon monoxide and at least one 
ethylenically unsaturated compound with an additive, wherein the additive is a hydroxyapatite. 
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